




Sampling as follows: 
On- and off-property commercial indoor air overlying plume areas with groundwater
TeE levels higher than 100 micrograms per liter, with the heating, ventilation, and air 
conditioning (HV A C) system turned off for at least 36 hours prior to and during 
sampling. 
Off-Property residential indoor air overlying plume areas with groundwater-TCE 
levels higher than 50 micrograms per liter a concurrent with crawl space or basement 
air sampling at those residences previously sampled in April, July and September 
2012, in cold weather. 

Collecting grab samples to evaluate potential preferential pathways for soil vapor to enter 
buildings. 
Using Method T0-15 Summa canisters over a 24-hour sampling period for residential 
buildings and over a 1 0-hour period for commercial buildings. 
Comparing the indoor air testing results with outdoor air levels, USEPA interim TCE 
indoor short-term response action levels, and long-term screening levels. 
Evaluating further phased potential indoor air vapor intrusion investigations, including 
potential sampling where commercial and residential buildings overly plume areas with 
groundwater-TCE levels higher than 5 micrograms per liter. 

Regional Water Board Response 

I hereby approve the Addendum as the next phase of vapor intrusion evaluation. 

However, we recommend an alternate means of assessing average concentrations over a 
longer period of exposure than 24 hours while still utilizing the T0-15 canisters. Specifically, 
you can conduct two closely spaced sampling events one or two weeks apart, ideally timed 
during a period of colder weather. Regardless of whether these sampling events can be timed 
to coincide with cooler temperatures, multiple sampling rounds facilitate an evaluation of data 
variability from other factors than just temperature such as time-dependent changes in soil gas 
entry rates, building exchange rates, and intra-building mixing. 

You are required to submit a report by May 15,2014, documenting the implementation ofthe 
Addendum. The report should evaluate the sampling results and make recommendations for 
the next phase of vapor intrusion investigation. 

This requirement for a report is made pursuant to Water Code Section 13267, which allows 
the Regional Water Board to require technical or monitoring program reports from any person 
who has discharged, discharges, proposes to discharge, or is suspected of discharging waste 
that could affect water quality. The attachment provides additional information about Section 
13267 requirements. Any extension in the above deadline must be confirmed in writing by 
Regional Water Board staff. 





































Comment #1: "Revisions to Short Term Action Levels" section, last paragraph 

A guidance document is referenced as being included in Exhibit A to the Indoor Air Testing 
Addendum (Addendum), however this document was not included with the submittal. Please revise 
Addendum accordingly, or otherwise note in the text that this or other relevant guidance documents 
will be included when available. EPA Region 9 plans to sh01ily issue guidelines and supplemental 
information to the Regional Water Board for vapor intrusion investigations at the South Bay state-lead 
groundwater National Priorities List (NPL) sites, inclusive of the subject site. This information, once 
finalized, would be appropriate to cite here. 

Comment #2: "Revisions to Short Term Action Levels" section 

Please revise this section to include the following TCE short-term action levels: 

Exposure Scenario Prompt Response Action Level 
(microJR:rams/cubic meter) 

Residential 2 ~Jgfm!U 

Commercial/Industrial 9 flg/m!ll 
(8-hour workday) 
(10-hour workday) 7 flg/m!ll 

Comment #3: "Commercial Building Testing with HVAC System Off' section 

This section states, "Collection of indoor air samples with the HV AC system off is intended to provide 
EPA additional data with which to evaluate possible soil gas transport into buildings and the results 
would not be considered representative of building indoor air quality under normal operating 
conditions." 

Please revise this section by adding the following sentence: "However, these HVAC-off sampling 
results will inform the vapor intrusion investigations in the development of the full range of possible 
exposure scenarios." 

Comment #4: "Commercial Building Testing with HV AC System Off' section 

Please revise this section to clarify that testing will occur at both on-property buildings located in the 
former source areas, as well as buildings in the qff-propeiiy vapor intrusion study area. During a 
meeting between EPA Region 9, the Regional Water Board, and representatives of the property owner 
of the 601 California A venue and 650 Page Mill Road buildings, it was indicated to the Agencies that 
the owners intend to cooperate with the RPs in coordinating sampling efforts. 

Comment #5: "Commercial Building Testing with HVAC System Off' section 

Please revise this section to specify that pathway sampling in commercial buildings shall also be 
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conducted, as part of the "multiple-lines-of-evidence" vapor intrusion evaluation. Typical pathway 
samples may include from near floor drains and loose-fitting pipes in bathrooms and office kitchen 
areas, near electrical outlets, in stairwells, and from certain small, apparently poorly-ventilated rooms 
or spaces (for example, elevator mechanical rooms, elevator shafts, or server/utility closets). 

Comment #6: "Commercial Building Testing with HVAC System Off' section 

This section states, "Sample duration will be selected depending on normal building occupancy 
patterns (e.g., 8-hour, 10-hour or 12-hours)." 

Based on input from commercial building owners and tenants, EPA Region 9 recommends use ofthe 
1 0-hour workday for determining the appropriate action levels for commercial/industrial buildings. 
However, site-specific adjustments can be made as needed for workplaces with longer work schedules. 
Please revise this section accordingly. 

Comment #7: "Grab Sample Collection" section 

The last sentence of this section states, "Grab sample results are not considered representative of 
indoor air quality and therefore are not appropriate for comparison to indoor air screening or action 
levels established for this project." 

Please revise this section to add that grab samples, however, may be used to inform the vapor intrusion 
investigation, for example, by identifying additional sampling locations for comparison to the project 
screening levels or by helping to develop the conceptual site model for the subject site. 

Comment #8: "Cold Season Resampling of Residential Buildings" section 

In reviewing the lines of evidence that have been collected for the HP Site, EPA Region 9 has 
identified as a data gap the lack of crawlspace sampling, which must be addressed in order to complete 
the vapor intrusion evaluations. 

Please revise this section to include concurrent crawlspace/basement (as appropriate) sampling with 
residential indoor air breathing zone sampling in the Off-Property Study Area, together with a 
proposed methodology for sample placement. 

Comment #9: "Cold Season Resampling of Residential Buildings" section, 2nd paragraph 

This section states, "For comparability, samples will be collected ... over 24 hours, consistent with the 
prior sampling." 

EPA Region 9 supports the use of longer-term passive samplers to help assess the temporal variability 
of indoor air vapor intrusion-related contaminant concentrations. The longer-term sampler provides a 
greater duration over which to average indoor air vapor intrusion levels for the purposes of completing 
the vapor intrusion evaluation, however EPA Region 9 is open to discussing sampling strategies for 
both the passive sampler and TO- 1 5 canister. 



Comment # 10: "Cold Season Resampling of Residential Buildings" section, last paragraph 

This section states, "EPA will provide notification and secure access from property owners/tenants and 
provide public outreach information to property owners or tenants regarding the justification for re
sampling their homes." 

Consistent with the approach for the first round of indoor air sampling, EPA will continue to provide 
community involvement and outreach support for the subject site, and will provide notification and 
public outreach information to affected community members. However, EPA does not plan to change 
its approach regarding securing access, and encourages the RPs to first make their best efforts to secure 
access from residents and commercial/industrial business owners and tenants for the purposes of 
completing the vapor intrusion evaluations. EPA will assist with obtaining access in the event that the 
RPs are unsuccessful in their efforts with property owners/tenants. 

Comment # 11: "Cold Season Resampling of Residential Buildings" section, 151 paragraph 

This section proposed the following sampling approach: " ... previously sampled residential buildings 
located on Pepper Avenue and one multi-family residential building located on Sheridan Avenue 
would comprise the subset of buildings to be resampled." 

EPA's preferred approach consists of increasing the subset of residential buildings which will be 
targeted for sampling in January and February 2014 to all those residential buildings identified in the 
original study area- overlying the original 50 microgram per liter (!lg/L) shallow-zone TCE 
groundwater contour line, as identified in the original Work Plan for the subject site, and based on 
groundwater data collected in June and September 2011. An alternate, though less favored, approach 
consists of sampling at the twenty-one residential (single and multi-family) buildings that were 
previously sampled during the spring/summer 2012 sampling events. 

Regardless of which single-family residences are sampled, EPA recommends that the next round of 
testing include, at a minimum, all of the multi-family residential buildings where volatile organic 
compounds (VOCs) were previously detected in pathway (elevator shafts, sumps, drains) or garage 
samples, which includes buildings 19, 20 and 21. 

A discussion of the confidence level and uncertainty in the groundwater data and contour lines would 
also be appropriate here, and what additional buildings (residential or commercial) might be identified 
for sampling based on any alternate curve fittings or regression analysis. 

Comment #12: "Cold Season Resampling of Residential Buildings" section 

Please revise this section to propose a more detailed step-out process for expanding the sampling 
program. For example, discussion of timing of step-out to remaining homes overlying the 50 J.lg/L 
TCE groundwater contour that have not yet been sampled or otherwise re-sampled during the colder 
weather. 
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Comment # 13: "Supplemental Vapor Intrusion Assessment" section 

This section should also be expanded to identify and highlight the residential and commercial buildings 
located above the 5 pg/L shallow-zone TCE groundwater contour line, using the most recently 
collected groundwater data for the subject site, together with an accompanying uncertainty analysis, as 
referred to above. 

Comment #14: "Supplemental Vapor Intrusion Assessment" section 

This section states that the supplemental assessment will include, "Visual observations of buildings to 
ascertain, to the extent practical from external observation, whether a given building likely has a 
basement or other potential preferential pathway of concern." 

lt is the Agency's experience that for certain buildings, external visual assessment is insufficient to 
properly evaluate a building's potential for vapor intrusion, and that comprehensive building walk
throughs are necessary to assess preferential pathways or other building features that may elevate 
vapor intrusion potential. However, external visual assessment can be a useful tool for adding 
buildings to a study area. Please revise this section accordingly to reflect that building walkthroughs 
will be necessary at each building in the Off-Property Study Area. 

Comment #15: "Supplemental Vapor Intrusion Assessment" section 

This section states, "Information from these activities will be considered, together to assess what, if 
any, additional actions may be warranted." 

EPA supports the initial agreed upon prioritization of conducting vapor intrusion evaluations at 
commercial and residential buildings overlying higher TCE shallow A-zone groundwater 
contamination (greater than 50 ~-tg/L for residential buildings and greater than I 00 ~-tg/L for commercial 
buildings). However, the Agency would like to clarify that the Work Plan Addendum should be 
revised to define the Vapor Intrusion Off-Property Study Area as the area bounded by the estimated 
TCE shallow zone groundwater contamination area greater than 5 11g/L. 

While a phased approach to the remaining sampling is acceptable, full evaluation drawing on the 
multiple-lines-of-evidence approach, out to the off-property groundwater boundary line, or 5 11giL for 
TCE in shallow zone groundwater, will be expected, and a discussion of the timing and strategy for 
conducting step-out sampling, as appropriate, to 5 11g/L for TCE should be discussed here. A 
comprehensive evaluation of the multiple lines of evidence collected for each property should be used 
in determining the potential for vapor intrusion at particular buildings and whether additional 
investigation and/or mitigation is warranted. Any proposal to exclude particular buildings from indoor 
air sampling must be supported by a robust, site- and building-specific multiple-lines-of-evidence 
analysis. 

As previously reported in documents prepared by Stantec Consulting, groundwater at the subject site is 
generally shallow, ranging between approximately 5 feet below ground surface (bgs) to 55 feet bgs, 
with the Al U-zone TCE plume overlying groundwater at about 20 feet bgs. Ongoing data collection 
efforts at other similar vapor intrusion sites in Region 9, as well as nationally, have shown vapor 

5 











Attachment: EPA Region 9 Guidelines and Supplemental Information Needed for 
Vapor Intrusion Evaluations at the South Bay National Priorities List (NPL) Sites 

EPA Region 9 recommends that the following guidelines and supplemental information be 
incorporated, as appropriate, into existing and future Vapor Intrusion Evaluation Work Plans (Work 
Plans) for each of the South Bay NPL Sites, primarily with subsurface trichloroethene (TCE) and 
tetrachlorethene (PCE) contamination. 

The additional information and specific requirements requested are consistent with the "multiple-lines
of-evidence" approach in EPA's 2013 Office of Solid Waste and Emergency Response (OSWER) 
External Review Draft- Final Guidance for Assessing and Mitigating the Vapor Intrusion Pathway 
from Subsurface Sources to Indoor Air. 

In reviewing the multiple lines of evidence that have been collected for the South Bay Sites, EPA 
Region 9 has identified data gaps that must be filled in order to fully evaluate the potential for vapor 
intrusion into buildings overlying the subsurface contamination at each individual South Bay Site. 

Item #1 - Interim TCE Indoor Air Short-term Response Action Levels and Guidelines 

In September 2011, EPA published its Toxicological Review ofTrichloroethylene in Support of the 
Integrated Risk Information System (IRIS). Recent findings on TCE conclude that women in the first 
trimester of pregnancy are one of the most sensitive populations to TCE short-term inhalation exposure 
due to the potential for heart malformation for the developing fetus. 

EPA uses a level of concern for non-cancer effects as a ratio of the exposure concentration to a safe 
dose including an additional margin of safety, called a reference concentration (RfC). This ratio is 
defined as a Hazard Quotient and abbreviated "HQ". The IRIS assessment derived an inhalation RfC 
for continuous inhalation exposure to TCE, which is 2 micrograms per cubic meter (2 Jlg/m3

). 

Because this is a developmental effect, the critical period for exposure is considered to be within an 
approximate 3-week period in the first trimester of pregnancy during which the heart develops. 
Scientific information on the exact critical period of exposure for this health impact is not currently 
available; however, general risk assessment guidelines for developmental effects indicate that 
exposures over a period as limited as 24 hours 1 may be of concern for some developmental toxicants. 

In light of this RfC information, EPA Region 9 is using health protective response action levels and 
guidelines to address short-term inhalation exposures to TCE in indoor air from the subsurface vapor 
intrusion pathway. The purpose of these interim response action levels and guidelines is to be 
protective of one of the most sensitive and vulnerable populations, women in their first trimester of 
pregnancy, because of the potential for cardiac malformations to the developing fetus during this short 
timeframe. 

These guidelines identify women of reproductive age as the sensitive population of concern, rather 
than only pregnant women, because some women may not be aware of their pregnancy during the first 
trimester. 

U.S. EPA. Guidelines for Developmental Toxicity Risk Assessment. U.S. Environmental Protection Agency, Risk 
Assessment Forum, Washington, DC, EPA/600/FR-911001, 1991 
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Implementation of Interim Measures to Mitigate TCE Short-term Exposure: The following 
interim response actions (mitigation measures) should be considered along with how quickly they can 
be implemented to reduce exposure to below the TCE short-term response action levels: 

Increasing building pressurization and/or ventilation mechanically with fans or the building 
ventilation system by increasing outdoor air intake 

Installing and operating engineered, sub-floor exposure controls (sub-slab and/or crawlspace 
depressurization; or in some cases a soil vapor extraction system) 

Eliminating exposure by temporary relocation, which may be indicated when immediate response 
actions are warranted. 

The following interim measures may also be considered, but may have limited effectiveness and 
require additional monitoring to verify their effectiveness: 

Sealing and/or ventilating potential conduits where vapors may be entering building 

Treating indoor air (carbon filtration, air purifiers) 

Item #2- PCE Indoor Air Screening Levels 

EPA acknowledges that the California-modified indoor air screening levels for PCE differ from EPA's 
May 2013 Regional Screening Levels (RSLs) for PCE. EPA Region 9 would like to clarify that the 
California EPA Office of Health Hazard Assessment's PCE toxicity value should be used for all NPL 
sites within California, which includes the South Bay Sites. 

Work Plans and reports should be prepared or revised, as appropriate, to evaluate indoor air sampling 
results usin~ the California-modified indoor air screening level of 0.4 11g/m3 for residential exposures 
and 2 11g/m for commercial/industrial exposures. The Superfund Health Protective Risk Range for 
PCE is bounded by the 1 o-6 excess cancer risk (low end) and by the non-cancer HQ= 1 (high end). 
Specifically, the Superfund Health Protective Risk Range for PCE is 0.4 - 40 11g/m3 for residential 
exposures and 2-180 11g/m3 for commercial/ industrial exposures. 

Item #3- Residential Building Sampling Approach -Multiple Rounds of Sampling including 
Colder Weather and Crawlspace Sampling 

Recognizing the temporal and spatial variability of indoor air and subsurface concentrations, EPA 
generally recommends collecting more than one round of sampling and from multiple locations. 
In reviewing the multiple lines of evidence that have been collected for the South Bay Sites, EPA 
Region 9 has identified several data gaps that must be filled in order to complete the vapor intrusion 
evaluations at each site. Specifically, it appears that multiple rounds of indoor air sampling have not 
been collected. For some sites, sampling has not been conducted during colder weather months, nor 
have samples been collected from crawlspaces or basements, where such are present in buildings. 





building operating conditions. 

For HV AC-off sampling, sampling duration should begin a minimum of 36 hours following shut-down 
of the building ventilation systems (no outdoor air intakes into the building) and continue while HVAC 
systems remain off. Because there is a greater potential for elevated indoor air contaminant 
concentrations while the building ventilation is turned off, adequate notice must be provided to 
building management and potential occupants about the testing and the schedule for when the 
ventilation system will be shut off. 

Item #5- On-Property Study Area Building Sampling 

At certain of the South Bay Sites, indoor air sampling was originally not required at specific On
Property Study Area (or former source area) commercial buildings that were thought to have a low 
potential for vapor intrusion (e.g., due to the presence of a vapor intrusion mitigation system such as a 
sub-floor vapor barrier or where living or workspaces are located above a ventilated underground 

parking garage). 

However, vapor intrusion sampling has shown the potential for vapor intrusion to occur at buildings 
with existing vapor intrusion mitigation systems (for example, where thesystems were damaged 
during building construction or renovation activities). For buildings overlying subterranean parking 
garages, preferential pathways such as elevator shafts and stairwells may also increase vapor intrusion 

potential into occupied living spaces. 

EPA Region 9 would like to clarify that an On-Property Study Area buildings should be evaluated and 
sampled. For building space overlying subterranean parking, potential preferential pathways into the 
building indoor air space, such as elevator shafts and stairwens, should be evaluated. 

Work Plans should be prepared or revised, as appropriate, to include pre-sampling walk-throughs to 
assess building and system conditions. These building surveys should identify if there are any 
conditions that may prompt any additional evaluation and sampling to assess the effectiveness of the 
vapor intrusion engineering controls of the buildings. 

Item #6- Phased Approach and Clarification of Vapor Intrusion Off-Property Study Areas to 
Include Buildings Overlying 5 J.lg/L TCE Shallow-Zone Groundwater Contamination 

EPA supports the initial agreed upon prioritization of conducting vapor intrusion evaluations at 
commercial and residential buildings overlying higher TCE shanow A-zone groundwater 
contamination (greater than 50 J.lg/L for residential buildings and greater than 100 J.lg/L for commercial 
buildings). For those South Bay Sites where vapor intrusion evaluations have already begun, early 
project planning discussions culminated in a phased approach to delineating the Vapor Intrusion Off
Property Study Area, beginning with investigations in these higher concentration areas of the 
subsurface groundwater plumes. 

The groundwater contamination at the South Bay Sites is generally very shanow, ranging between 
approximately 5 feet below ground surface (bgs) to 35 feet bgs. Ongoing data conection efforts at 
other similar vapor intrusion sites in Region 9, as wen as nationally, have shown vapor intrusion 
potential into buildings overlying lower groundwater TCE concentrations (less than 50 J.lg/L for 
residential buildings and less than 100 parts ).lg/L for commercia] buildings), at 1eve1s exceeding health 
protective indoor air levels. Factors include, but are not limited to, location relative to source areas, 
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ACRONYMS AND ABBREVIATIONS 

ACH 

ADT 

ANSI 

ASQ 

ASTM 

ASTSWMO 

ATSDR 

BTEX 

BWD 

CaiEPA 

CASRN 

CEI 

CERCLA 

CFR 

CHC 

CIC 

CIO 

CIP 

CMS 

CSM 

DNAPL 

DoD 

DoN 

DQO 

DTD 

El 

EPA 

FN 

FP 

FR 

FS 

vii 

air changes per hour (air exchanges per hour) 

active depressurization technology 

American National Standards Institute 

American Society for Quality 

American Society for Testing and Materials 

Association of State and Territorial Solid Waste Management Officials 

Agency for Toxic Substances and Disease Registry 

benzene, toluene, ethylbenzene, xylenes 

block-wall depressurization 

California Environmental Protection Agency 

Chemical Abstracts Service Registry Number 

Community Engagement Initiative 

Comprehensive Environmental Response, Compensation, and Liability Act 

Code of Federal Regulations 

chlorinated hydrocarbon 

Community Involvement Coordinator 

Chief Information Officer 

community involvement plan 

corrective measures study 

conceptual site model 

dense non-aqueous-phase liquid 

U.S. Department of Defense 

U.S. Department of Navy 

data quality objective 

drain-tile depressurization 

environmental indicator 

U.S. Environmental Protection Agency 

false negative 

false positive 

Federal Register 

feasibility study 
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warranting prompt response action, then ventilation, indoor air treatment, or evacuation may be 

implemented to mitigate these conditions promptly (See Section 8.2.1 ). 

Preemptive mitigation/early action (see Section 9.0) may still warrant consideration after urgent 

safety or urgent health concerns have been addressed. Expected work conditions and 

anticipated hazards should be described and addressed in health and safety planning for all 

building- or site-specific actions. 

5.3 Determine Presence of Buildings and Vapor-forming Chemicals 

Two conditions, at a minimum, must be present for the vapor intrusion pathway to pose a 

potential human health threat: 

1) There must be a source of vapor-forming chemicals in the subsurface environment (i.e., 

in groundwater or soil, or a primary vapor release such as from natural gas transmission 

lines). Appendix A lists chemicals that typically have the potential to pose an 

unacceptable health risk through the vapor intrusion pathway. Those chemicals likely to 

be present as subsurface contaminants should generally be evaluated during vapor 

intrusion assessments conducted in accordance with this Final VI Guidance in areas 

where buildings are present or future buildings could be constructed above or near the 

subsurface vapor source(s). In the absence of environmental sampling data, the 

potential presence of vapor-forming chemicals in the subsurface may be inferred from 

site information, as identified in Section 5.1 (e.g., site history). 

2) Buildings are present or could be constructed in the future above or "near" the 

subsurface vapor source(s). For purposes of this guidance and its recommendations for 

evaluating potential health risks posed by toxic vapors, "building" refers to a structure 

that is regularly occupied and used by humans (or could be occupied and used in the 

future). This would include, for instance, homes, offices, stores, commercial and 

industrial buildings, etc., but would not normally include open sheds, carports, pump 

houses, or other structures that are not regularly occupied by humans. For purposes of 

evaluating potential explosion hazards, however, the term "building" generally includes 

occupied and non-occupied structures. Existing buildings can be identified during 

inspections of the land areas overlying and near subsurface vapor sources. The 

potential presence of buildings in the future may be inferred from site information, as 

identified in Section 5.1. Buildings within 100 feet laterally of subsurface vapor sources 

(or 100 feet vertically of underlying vapor sources) should be considered "near" (see 

Section 6.2.1) for purposes of a preliminary analysis, under the assumption that 

preferential vapor migration pathways are absent. 39 

39 Preferential migration pathways are defined and discussed in Section 5.4. When present, they may facilitate 

subsurface vapor migration over distances greater than 1 00 feet. 
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If the available information is deemed reliable, well documented, and sufficient (see Section 5.1) 

and indicates that neither of these conditions is met, then it may not be appropriate to conduct 

further vapor intrusion assessments.40 

Example: From 1920 to 1931, the ABC Mining Company obtained and shipped iron ore 

from a local deposit. Ore from the mine was shipped by rail to a different location where 

it was milled and processed to extract the metal. Although no company records are 

available for the mine, a review of mining techniques indicates that solvents and other 

vapor-forming chemicals were not used in the mining process during the 1920s and 

1930s. Former mining structures have been removed, and the site is currently vacant. 

The city has proposed redeveloping the site with bike and hiking trails but no buildings or 

other structures for storage or site maintenance support. Based on the information and 

findings, the need for further assessment of the vapor intrusion pathway due to mining

related contamination is not indicated. 

If, on the other hand, there is evidence to demonstrate that a release of vapor-forming 

chemicals to the subsurface has occurred (e.g., environmental sampling data indicate 

detectable levels of a vapor-forming chemical(s) in potential source media)41 or may have 

occurred underneath or near a property with buildings, then further vapor intrusion assessment 

is generally warranted, including development of a conceptual site model (see Section 5.4) and 

investigation of site-specific conditions (see Section 6.0). 

Example: The XYZ Recycling Center site was used from 1963 to 1984 for the collection 

and recycling of industrial solvents and other fluids. The site was repeatedly cited by the 

State and City for improper handling and disposal of solvents, and was closed in 1985. 

Groundwater data indicate the presence of multiple CHCs. Buildings overlying the 

contaminated groundwater are currently used mainly for storage of non-chemical goods, 

but the site has been proposed for future residential or commercial redevelopment. 

Based on the foregoing information and findings, further assessment of the potential for 

vapor intrusion is warranted, including risk-based screening of the groundwater data 

(see Section 6.5). 

If a release of vapor-forming chemicals to the subsurface is known or suspected to have 

occurred at or near the site, but buildings are not present and none are reasonably anticipated 

in the future (e.g., the contaminated source underlies an open space, recreational area, or 

wildlife refuge), then further vapor intrusion assessments may not be appropriate. It may be 

appropriate, however, to establish an IC requiring a vapor intrusion investigation or building 

mitigation42 in the future, in case land use were to change. ICs for building mitigation and 

40 In accordance with federal environmental protection statutes, regulations, and OSWER guidance, a subsurface 

investigation may still be warranted for non-volatile substances and for other potential exposure pathways such as 

those identified in Section 1.3. 

41 Section 6.5 provides information on how such data may be used in a quantitative fashion to screen the site further. 

42 If, for example, a developer is considering acquiring and building on land that contains subsurface contamination 

with vapor-forming chemicals, the developer could retrofit existing buildings or build new buildings with vapor 

mitigation syslerns without first conducting an extensive vnpor intrusion investigation (see Section 9.0). As 

summarized in Section 3.3, building mitigation systems for the vapor intrusion pathway may eliminate or minimize 

vapor entry routes and/or remove or reverse the driving forces for soil gas entry (i.e., may be passive and/or active). 
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recommends that a detailed vapor intrusion investigation be scoped to address these data gaps 

(see Section 6.3). 

Furthermore, the CSM should identify known or suspected preferential pathways that could 

facilitate vapor migration to greater distances and at higher concentrations than otherwise 

expected. EPA recommends that buildings with significant preferential pathways be evaluated 

closely. For the purposes of this guidance, a "significant" preferential pathway is a naturally 

occurring or anthropogenic (human made) subsurface conduit that is expected to exhibit little 

resistance to vapor flow in the vadose zone (i.e., exhibits a relatively high gas permeability) or 

groundwater flow (i.e., exhibits a relatively high hydraulic conductivity) and be of sufficient 

volume and proximity to a building so that it may be reasonably anticipated to influence vapor 

intrusion into the building. Significant vertical preferential pathways may result in higher than 

anticipated concentrations in the overlying near surface soils, whereas significant horizontal 

preferential pathways may result in elevated concentrations in areas on the periphery of 

subsurface contamination. Naturally occurring examples include fractures and macropores, 

which may serve as preferential pathways for either the vertical or horizontal migration of source 

materials and/or vapors. Anthropogenic examples include utility vaults and conduits, elevator 

shafts, subsurface drains, and permeable fill that intersect vapor sources or vapor migration 

pathways. In highly developed residential areas, extensive networks of subsurface utility 

conduits may be present, which can significantly influence the migration of contaminants. 

CSMs for vapor intrusion assessments often need to consider two distinct exposure situations: 

1) At some sites and contaminated locations, there are concerns as to whether vapor 

intrusion may pose a risk to current occupants of the buildings present. For this situation, 

EPA recommends that building-specific information be available to support the CSM. 

2) At other sites and contaminated locations, buildings are not present, but are expected to 

be constructed, and building-specific information may not be available to support the 

CSM. For this situation, the CSM may need to consider a hypothetical building 

constructed anywhere over (or near) the subsurface source of vapor-forming chemicals. 

In general, CSMs identify the potentially exposed populations, potential exposure routes, and 

potential adverse health effects (i.e., toxicity) arising from indoor air exposures. Therefore, the 

CSM also should identify and consider sensitive populations, including but not limited to: 

Elderly. 

Women of child-bearing age. 

Infants and children. 

People suffering from chronic illness. 

Disadvantaged populations (i.e., an environmental justice situation). 

As noted in Section 2.0, the exposure route of general interest for vapor intrusion is inhalalion of 

toxic vapors in indoor air and the human populations of primary interest are individuals living or 
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beneath it (sub-slab soil gas sampling).52 Where applicable, crawl space air sampling may be 

conducted. 

Generally, EPA recommends that the soil gas survey include a "near-source" soil gas sample 

collected immediately above each source of contamination to help characterize the vapor 

source (see Section 6.3.1 ). If any shallow soil gas samples are collected, EPA recommends 

they be collected as close as possible to the building and at depths below the respective 

building foundation and no less than five feet below ground surface, depending on site-specific 

conditions. 

To characterize subsurface migration in the vadose zone, soil gas survey data are generally 

coupled with an understanding of the site-specific subsurface conditions that influence vapor 

migration and attenuation (e.g., geologic properties, including stratigraphy and level of 

heterogeneity; hydrologic conditions, including groundwater elevation and soil moisture; and 

biological properties, including availability of oxygen to support aerobic biodegradation).53 Such 

geologic understanding is generally developed by interpreting the data obtained through 

borehole logging and geophysical tools. Hydrologic conditions can be characterized by 

analyzing soil samples for porosity and moisture content and by hydrologic modeling. An 

intensive soil gas survey to establish current vertical profiles for contaminant vapors and oxygen 

(and, in some cases, biodegradation products) may be able to demonstrate that biodegradation 

is responsible for attenuating vapor migration to a greater extent than can be attributed to 

advection and diffusion in the vadose zone. 54 

When conducted contemporaneously for multiple buildings, a soil gas survey and 

characterization of the vadose zone can help identify distances from subsurface vapor sources 

beyond which threats from vapor intrusion are not reasonably expected, as mentioned in 

Section 6.2.1. At sites with a limited number of potentially affected buildings, it may be feasible 

to characterize the subsurface vapor migration near and surrounding all of them. However, at 

sites where a large number of buildings may be affected, this approach is not likely to be 

feasible; in these cases, EPA generally recommends that the site manager seek the advice of a 

geologist familiar with the site-specific subsurface conditions to help guide selection of 

appropriate sampling locations and assess whether "representative" or "reasonable worse case" 

locations can be identified, as appropriate to the objectives of the investigation. Because there 

usually is substantial spatial variability in the concentrations of subsurface vapors, caused 

partially by heterogeneities in the subsurface materials, it may be difficult to identify a priori 

locations that are either "representative" or are "reasonable worse case" subsurface conditions. 

52 Spacing of soil gas sampling locations should generally consider the extent and location of the subsurface vapor 

source, distance between the building and the source, and other site-specific factors. 

53 As noted in Section 2.0, vapor migration in the vadose zone can be impeded by several factors, including soil 

moisture, low-permeability (generally fine-grained) soils, and biodegradation. Significant characterization of the 

vadose zone may be needed to demonstrate that the applicable geologic, hydrologic, and biologic features are 

laterally extensive over distances that are large compared to the size of the building or the extent of vapor 

contamination at a specific site. 

54 In this context, mathematical modeling can be employed to characterize vapor migration attributable to advection 

and diffusion in the vadose zone. 
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the pressure gradient across the foundation or indoor air testing), which may be enforceable 
through an IC (see Section 8.6). Similarly, buildings with pre-existing radon mitigation systems, 
which overlie or are near subsurface vapor sources, could be tested under conditions where the 
radon mitigation system is not operated to support decisions about building mitigation, 
monitoring, and institutional controls as part of a vapor intrusion remedy. 

6.3.4 Evaluate Presence and Concentration of Subsurface Contaminants in Indoor Air 

Indoor air sampling (see Section 6.4.1) using time-integrated sampling methods or grab 
samples can confirm the presence, if any, of a site-related, subsurface contaminant(s) in the 
indoor environment. When combined with data characterizing subsurface vapor migration and 
demonstrating the building is (or is not) susceptible to soil gas entry, indoor air sampling data 
can support determinations that the vapor intrusion pathway is (or is not) complete for a given 
building, as discussed further in Section 7.3. When conducted contemporaneously in multiple 
buildings, indoor air sampling can, in concert with soil gas survey data and data delineating 
subsurface vapor sources, help identify the boundaries of "vapor intrusion inclusion zones" (i.e., 
neighborhood areas within which buildings are known or suspected to have indoor air 
concentrations of subsurface contaminants arising from vapor intrusion (see Section 6.2.1 )). 

Indoor air sampling is most commonly conducted using time-integrated sampling methods to 
estimate exposure concentrations for building occupants, which may include contributions from 
"indoor" or ambient air sources of these chemicals (see Section 2.5). For example, time
integrated concentrations of hazardous vapors in samples of indoor air can be compared to 
appropriate, risk-based screening criteria (see Section 6.5) to support inferences about risks 
posed by vapor-forming chemicals found in the subsurface environment. 5

7 

When sampling indoor air or sub-slab soil gas to estimate exposure concentrations arising from 
vapor intrusion, EPA generally recommends removing potential indoor sources of vapor-forming 
chemicals (see Section 2.5 and 6.4.1) from the building to strive to ensure that the 
concentrations measured in the indoor air samples are attributable to the vapor intrusion 
pathway. However, even after removing indoor sources, their effects may linger depending on 
source strength, relative humidity in the building, and the extent to which the contaminants have 
been absorbed by carpets and other fabrics or "sinks." In addition, field experience suggests 
that it may not be possible to remove all indoor sources. It may be particularly impractical to do 
so in industrial settings where vapor-forming materials are used or stored. 

6.3.5 Identify and Evaluate Contributions from Indoor and Ambient Air Sources 

To support evaluations of sources of indoor air concentrations, EPA recommends that the CSM 
identify known or suspected indoor sources of the volatile chemicals also found in the 
subsurface (see Section 2.5) and characterize ambient air quality (see Section 6.4.2) in the site 
vicinity for these same chemicals. Key supporting information includes: (1) the locations and 

57 In certain cases, depending in part on the results (e.g., concentrations exceed risk-based screening levels), indoor 
air sampling data may be a sufficient basis for supporting decisions to 11ndertake pre-emptive mitigation/early action 
(see Section 9.0) in lieu of additional rounds of sampling and analysis or an evaluation of the contribution of 
background sources to indoor air concentrations. 

58 of 196 

















***EPA External Review Draft- Do Not Cite or Quote*** 04-11-2013 

survey the building for locations with vapor-forming chemicals and materials; 
however, the PID may not be sensitive enough for very low concentration 
sources. More sensitive options may include use of the HAPSITE gas 
chromatograph/mass spectrometer or the TAGA Mobile Laboratory (EPA-ERT 
2012). 

o HVAC systems that bring outdoor air into the building potentially bring 
contaminated outdoor air into the building, depending on the location of the vent 
and exhaust with regard to other spaces. For example, HVAC intakes adjacent to 
or near a dry-cleaning facility may introduce toxic vapors of the dry-cleaning 
solvent into the building. 

Presence and operation of any indoor air treatment system (e.g., in-line carbon 
adsorption) that can reduce indoor exposure levels of vapor-forming chemicals. 

In general, EPA recommends that the complementary information be collected during 
investigation planning and scoping to help decide where to sample and prioritize or sequence 
buildings for testing. Then, the information can be confirmed during indoor sampling. 

In some cases, contaminated groundwater seeps into or actively collects in the building (for 
example, in sumps), possibly serving as a direct source of vapors. It may be appropriate to 
collect water samples concurrently with indoor air (and any sub-slab) samples in these 
circumstances. 

6.4.2 Outdoor Air Sampling 

Outdoor air concentration data can be useful in identifying potential contributions to indoor air 
concentrations from ambient air sources (see Section 6.3.5). Therefore, EPA generally 
recommends collecting ambient air samples using similar sampling and analysis methods, 
whenever indoor air samples are collected. Normally, one or two outdoor air sample locations 
should be sufficient to characterize the conditions surrounding a single or a few buildings. 51 

Additional outdoor air samples may be warranted if the investigation is assessing multiple 
buildings over a wide area. Sample locations should be designed to characterize representative 
conditions in the absence of site-related subsurface contamination (i.e., avoid collecting ambient 
air samples near locations of known or suspected chemical release(s), including any 
atmospheric releases from remediation equipment). It also is suggested that observable 
potential outdoor sources of pollutants (e.g., air emissions from nearby commercial or industrial 
facilities) be recorded during all building surveys. 

EPA recommends that ambient air samples generally be collected over the same sampling 
period as indoor air so contaminant concentrations can be compared between media. To 
facilitate such a comparison for residential buildings, EPA generally recommends beginning 
ambient air sampling at least one hour, but preferably two hours, before indoor air monitoring 

61 For buildings where outdoor air is mechanically brought into the building, an outdoor sample may be co-located 
near the HVAC intake. 
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begins and continuing to sample until at least 30 minutes before indoor monitoring is complete. 

EPA recommends this practice because most residential buildings have an hourly air exchange 

rate in the range of 0.25 to 1.0, causing air that enters the building before indoor air sampling to 

remain in the building for a long time (for example, see Section 0.10, ITRC 2007a). 

Recommended lag times may warrant adjusting for nonresidential buildings. 

6.4.3 Sub-slab Soil Gas Sampling 

Sub-slab soil gas samples can provide useful data for characterizing the levels of hazardous, 

vapor-forming chemicals that can enter a building via soil gas intrusion. When combined with 

other soil gas data, sub-slab soil gas data can be used to assess whether the subsurface vapor 

migration pathway is complete (i.e., subsurface vapor migration is capable of transporting 

hazardous vapors from the source to building; see Section 6.3.2). When combined with an 

appropriate attenuation factor (e.g., a conservative generic value- see Section 6.5.2), sub-slab 

soil gas data can be used to estimate a potential upper-bound indoor air concentration that may 

arise from vapor intrusion. In this way, sub-slab data can be used to assess the potential for the 

vapor intrusion pathway to pose a health concern.62 

Field experience indicates there may be substantial spatial variability in sub-slab soil gas 

concentrations even over an average-sized footprint of a residential building. Site planning and 

data review teams should, therefore, consider collecting more than one sample per building 

when sub-slab soil gas sampling is conducted. Three sub-slab samples have been collected in 

a number of EPA investigations of a typical size residential building or commercial building less 

than 1,500 square feet in area. Additional situations that should trigger discussions about the 

number of sample locations per building include: (1) very large or small homes or buildings;63 

(2) buildings with more than one foundation floor type; 64 (3) subsurface structures or conditions 

that might facilitate or mitigate vapor intrusion; and 4) multi-use buildings with distinct 

segmented areas that differ significantly by occupying population or exposure frequency. In 

addition, multi-point sub-slab samples should be considered to support data interpretation and 

resolve uncertainties that may arise when: 

There are fewer surrounding buildings that are being sampled (that could have helped 

the understanding of typical sub-slab values and variability).65 

The indoor and sub-slab concentrations for a specific building(s) are out of line with 

expectations based on data from neighboring homes and other information. 

62 The sub-slab soil gas concentration provides only half of the information for estimating vapor flux into a building. 

The other information needed is the soil gas flow rate (Oso,l), which is embodied in the attenuation factor. The soil gas 

flow rate can also be explicitly calculated using a model. 

63 For larger structures, a statistician may assist in identifying the number and placement of sampling ports to meet 

the desired DQOs. 
64 In basements with a partial slab, but one large enough to allow vapors to accumulate (for example, if the slab 

covers more than 50 percent of the building footprint), EPA generally recommends that one sub-slab port be installed 

on the slab portion and an indoor air sample be collected directly over the dirt portion. 

65 1n these cases, multiple ports should be installed in a specific percentage (e.g., more than 10 percent) of the 

buildings sampled to provide a check for variability in the study area. 
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has been shown to be stable or shrinking to establish that the potential for vapor 

intrusion to pose a health concern will not increase in the future. 

The types of vapor sources and the conditions of the vadose zone and surrounding 

infrastructure do not present opportunities for unattenuated or enhanced transport of 

vapors toward and into any building (e.g., via preferential migration pathways), as 

discussed in Sections 6.2.1 and 6.5.1. 

When the vapor intrusion pathway is determined to be incomplete, then vapor intrusion 

mitigation is not generally warranted under current conditions. EPA recommends that site 

managers also evaluate whether subsurface vapor sources that remain have the potential to 

pose unacceptable health risks due to vapor intrusion in the future if site conditions were to 

change. For example, potentially unpredictable changes in the transitory soil characteristics 

(e.g., soil moisture) and subsurface vapor concentrations may occur as a result of constructing 

a new building or supporting infrastructure. Either type of change could result in the potential for 

unacceptable health risks due to vapor intrusion in the future. Response actions may, therefore, 

be warranted to protect human health wherever and as long as subsurface vapor sources 

remain that have the potential to pose unacceptable health risks in the future due to vapor 

intrusion. These response actions (see Section 7.6) may include institutional controls (see 

Section 8.6) (e.g., to record the presence of subsurface vapor sources and/or to require a 

confirmatory vapor intrusion investigation if infrastructure or geologic conditions are modified in 

the future). In addition, subsurface remediation may be warranted to protect human health or 

the environment via other exposure pathways (e.g., groundwater discharge to surface water 

bodies) in accordance with applicable statutes. 

7.4 Conduct and Interpret Human Health Risk Assessment 

EPA generally recommends that a human health risk assessment be conducted to determine 

whether the potential human health risks posed to building occupants are within or exceed 

acceptable levels in accordance with applicable statutes. The risk posed to building occupants 

by intrusion of a given vapor-forming chemical will depend upon its toxicity, its concentration in 

indoor air, the amount of time the occupants spend in the building, and other variables (e.g., life 

stage of population can matter for some chemicals). EPA recommends that risk assessment 

guidance be used to identify, develop, and combine information about these variables and 

characterize health risks due to vapor intrusion from subsurface contaminant sources. 

For the vapor intrusion pathway, the inhalation route is the primary means of human exposure. 

Therefore, the health risk assessment uses estimates of indoor air exposure concentrations, 

exposure duration and frequency for building occupants, and the potential toxicity of the vapor

forming chemicals found in the subsurface (e.g., inhalation unit risk and noncancer reference 

concentration) to characterize risks of cancer and noncancer effects (EPA 2009c). Generally, 

exposure concentrations in existing buildings can be estimated using direct measurements of 

indoor air (see Sections 6.3.4 and 6.4.1 ). EPA recommends that time-integrated measurements 

from more than one sampling event generally be used to estimate exposure concentrations 

appropriate for the exposure (occupancy) scenario being evaluated (e.g., residential versus 

commercial). The noncancer assessment should consider the potential for adverse health 

88 of 196 











***EPA External Review Draft- Do Not Cite or Quote *** 04-11-2013 

8.2 Building Mitigation for Vapor Intrusion 

In cases where subsurface vapor sources cannot be remediated quickly, it may be appropriate 

to also undertake (interim) measures in individual buildings (i.e., building mitigation for vapor 

intrusion) to promptly reduce threats to human health in occupied buildings. EPA recommends 

that building mitigation for vapor intrusion be regarded as an interim action that can provide 

effective human health protection. Vapor intrusion mitigation of buildings should not be viewed 

as a substitute for remediation of subsurface vapor sources. EPA recommends that building 

mitigation generally be conducted in conjunction with vapor source remediation where at all 

possible. 

The purpose of this section is to provide an overview of vapor intrusion mitigation for new and 

existing buildings where building mitigation is determined to be warranted. Section 8.2.1 

summarizes temporary measures that generally can be implemented relatively quickly to reduce 

indoor air concentrations. Section 8.2.2 identifies and summarizes the most commonly 

implemented engineered control methods for existing buildings. Section 8.2.3 identifies and 

describes some approaches and considerations for addressing vapor intrusion for new 

buildings. Additional detailed information about vapor intrusion mitigation technologies and their 

selection, design, operation, and monitoring is provided in other EPA documents (EPA 1993a, 

2008c, 2013b). 

8.2.1 Temporary Measures for Existing Buildings 

If measured indoor air concentrations are elevated or expected to be elevated (e.g., sub-slab 

concentrations are higher than target screening levels) and mitigation will be delayed or require 

substantial planning to complete, it may be appropriate to implement temporary measures in 

advance of permanent building mitigation solutions. Temporary measures may include: 

Increasing building ventilation, for example using fans or natural ventilation; 

Sealing major soil gas entry routes; 

Treating indoor air; and 

Evacuation, which may include temporary re-location. 

Each of these options is summarized in the remainder of this section. 

Increasing building ventilation (i.e., increasing the rate at which indoor air is replaced with 

outdoor air) can reduce the buildup of indoor air contaminants within a structure. Natural 

ventilation may be accomplished by opening windows, doors, and vents. Forced or mechanical 

ventilation may be accomplished by using a fan to blow air into or out of the building. Increased 

ventilation is easiest and least costly to implement in locations where the air is not conditioned 

(heated or cooled). If indoor air is conditioned, increased ventilation can be a costly option 

because the conditioned air is ventilated to the outdoors. This drawback can be partly overcome 

by use of heat exchangers, but they are also costly. Another concern is that exhausting air from 

the building will generally contribute to under-pressurization of the building, relative to the 

subsurface, thereby potentially resulting in an increased rate of soil gas entry (i.e., vapor 

93 of 196 



















***EPA External Review Draft- Do Not Cite or Quote*** 04-11-2013 

Air Sampling 

Once an adequate demonstration of vapor intrusion mitigation system effectiveness has been 
made, indoor air quality should generally be acceptable as long as an adequate pressure 
differential is maintained. EPA recommends that indoor air samples be collected at least once a 

year to confirm that the vapor intrusion mitigation system is continuing to perform adequately, 
unless site conditions warrant a different monitoring schedule based on system performance or 

building modification. At some sites, it may be more appropriate to conduct indoor air sampling 

at a subset of the buildings (e.g., 10 percent), while conducting pressure measurements at all of 
the buildings. More frequent and systematic monitoring programs are advisable for larger and 

more complex buildings, such as schools. 

Weather-Related Considerations 

Weather conditions, such as temperature and precipitation, can affect the performance of a 

vapor intrusion mitigation system and thus, EPA recommends that this be noted during 
monitoring activities. For example, cold temperatures may increase the depressurization 
created by the thermal stack effect and thus increase the driving force for soil gas entry, 
depending upon the height of the house and the temperature difference between indoors and 

outdoors. As a result, the ADT system may need to overcome more building depressurization 
than originally considered when designed. Precipitation may also increase moisture in the fill 

under the slab, which may affect the performance of the system. 

Alarms 

Alarms generally are used as part of a long-term monitoring plan to ensure that vapor intrusion 
mitigation systems are functioning properly. According to ASTM (2003), "All active radon 

mitigation systems shall include a mechanism to monitor system performance (air flow or 
pressure) and provide a visual or audible indication of system degradation and failure." This 
advice should be equally applicable to vapor intrusion mitigation systems for other 
contaminants. ASTM goes on to say, "The mechanism shall be simple to read or interpret and 

be located where it is easily seen or heard. The monitoring device shall be capable of having its 
calibration quickly verified on site." Such devices may indicate operational parameters (such as 

on/off or pressure indicators) or hazardous gas buildup (such as percent LEL indicators). EPA 
recommends that system failure warning devices or alarms be installed on active 
depressurization systems, and appropriate responses to them should be understood by building 

occupants. Monitoring devices and alarms should be placed in readily visible, frequently 
trafficked locations within the structure. The proper operation of warning devices should be 
confirmed on installation and monitored regularly. 

EPA also recommends that permanent placards be placed on the system to describe its 
purpose, operational requirements, and instructions on what to do if the system does not 

operate as designed (for example, a phone number to call). The placard should inform the 

building occupant how to read and interpret the monitoring instruments or warning devices 

provided. EPA recommends that these placards be placed as close to the monitoring/alarm part 
of the system as possible, as well as close to the fan or other active parts of the system. 
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9.0 PRE-EMPTIVE MITIGATION/EARLY ACTION 

It may be appropriate to implement mitigation of the vapor intrusion pathway as an early action, 
even though all pertinent lines of evidence have not yet been completely developed to 
characterize the vapor intrusion pathway for all of the subject building(s), when there is a 
reasonable basis to believe that vapor intrusion: (1) is occurring or may occur due to subsurface 
contamination that is subject to federal statutes, regulations, or guidance for environmental 

protection; and (2) is posing or may pose a health concern to occupants of an existing 
building(s). Likewise, it may be appropriate and cost-effective to design, install, operate, and 

monitor mitigation systems (including passive barrier systems) in newly constructed buildings 
(or buildings planned for future construction) that are located in areas of vapor-forming 
subsurface contamination, rather than allow vapor intrusion (if any) to occur and address vapor 

intrusion after the fact. As described in Section 3.4, preemptive mitigation/early action is the 

term used to describe both situations. 

Preemptive mitigation (PEM) should be recognized as an early action that is intended to ensure 

protectiveness of human health. In this context, mitigation refers to methods that seek to: 

Prevent or reduce vapor entry into a building. 

Reduce or eliminate vapors that have entered a building. 

This section discusses PEM for vapor intrusion and addresses statutes, regulations, and 
considerations affecting its selection and implementation. Several scenarios are described that 

identify when PEM may be appropriate for implementation. Additional information about vapor 
intrusion mitigation is provided in Section 8.0. Information and guidance about community 

engagement pertaining to vapor mitigation, including PEM, is provided in Section 10. 0. 

Note that the selection and implementation of PEM, when it occurs, is not intended to pre-judge 
final decisions about remediation of subsurface vapor sources; however, decision-making about 

PEM should, as appropriate, include a consideration of the potential for long-term O&M and 

monitoring obligations. In addition, EPA recommends that the selection of PEM be based upon 
data and information in the administrative record in order to provide an adequate basis for 

actions undertaken. The administrative record should be supplemented as additional data and 

information become available. 

9.1 Rationale 

In ensuring protectiveness of human health, PEM generally may be an appropriate approach to 

consider for buildings with potential vapor intrusion for a number of reasons, including: 

Building mitigation typically is an effective means of protecting human health and is 
cost effective for many buildings. 

The potential exposure scenario (inhalation of toxic vapors) or hazard scenario 

(explosion of vapors) and the attendant adverse consequences cannot generally be 
readily avoided by building occupants (except by evacuation). 
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Section 8.3.4 recommends a generic attenuation factor for exterior soil gas and 

discusses its basis, justification, and limited applications. 

Section 8.3.5 identifies the recommended attenuation factor for crawlspace vapor. 

Section 8.3.6 presents a reliability analysis of the recommended generic attenuation 

factors. 

8.3.1 EPA'S VAPOR INTRUSION DATABASE (EPA 2012A) 

The information in EPA's Vapor Intrusion Database: Evaluation and Characterization of 

Attenuation Factors for Chlorinated Volatile Organic Compounds and Residential Buildings 

(EPA 2012a) is used to derive recommended attenuation factor values for use in evaluating 

subsurface sample concentrations collected as part of vapor intrusion investigations. EPA's 

vapor intrusion database consists of numerous pairings of concentrations in indoor air and 

subsurface samples (groundwater, sub-slab soil gas, exterior soil gas, and crawlspace vapor) 

from actual sites. It represents the most comprehensive compilation of vapor intrusion data for 

chlorinated hydrocarbons (CHCs) available at this time. 

EPA's vapor intrusion database was analyzed and screened to reduce the impacts of 

background sources to indoor air concentrations. The resulting data distributions are considered 

representative of vapor intrusion of CHCs from subsurface sources into residential buildings for 

most conditions. These distributions serve as the basis for identifying the high-end 

(conservative) attenuation factors for those media. 

Table B-1 and Figure 8-1 (Table 19 and Figure 34, respectively, in EPA (2012a)) present and 

compare the distributions of the attenuation factors (groundwater, exterior soil gas, sub-slab soil 

gas, and crawl space) that remain after applying the respective source strength and indoor air 

screens considered most effective at reducing the influence of background contributions to 

indoor air concentrations. These data demonstrate that the attenuation factor distributions 

obtained for groundwater, sub-slab soil gas, and crawl spaces for multiple buildings and sites 

are consistent with the conceptual model for vapor intrusion, which predicts that greater 

attenuation is expected with greater depths to the vapor sources or vapor samples. As shown in 

Table B-1 and Figure B-1, the paired groundwater-indoor air data generally exhibit greater 

attenuation (lower attenuation factors) than the paired sub-slab soil gas-indoor air data, which 

in turn exhibit greater attenuation than the paired crawl space-indoor air data. 

8.3.2 RECOMMENDED ATTENUATION FACTORS FOR GROUNDWATER 

To account for the inherent temporal and spatial variability in indoor air and subsurface vapor 

concentrations, the 951
h percentile value of the "source-screened" groundwater data subset in 

EPA 2012a is recommended as a reasonably conservative generic attenuation factor. Thus, for 

groundwater, the recommended generic attenuation factor (a9w) is 0.001. This value is 

considered to apply for any soil type in the vadose zone (excepting where preferential vapor 

pathways are present) in cases where the groundwater is greater than five feet below the 

ground surface. If the depth to groundwater is less than five feet below the building foundation, 
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value of the sub-slab soil gas attenuation factor (according to Equation 4a), is expected to be 

approximately 0.002. Using upper-end (10th percentile) values for residential building volume 

and air exchange rate (154 m3 and 0.18 ACH, respectively (EPA 2011 )) and soil gas entry rate 

(10 Llmin), an upper-end value of 0.02 for the sub-slab soil gas attenuation factor is obtained. 

These values agree well with the 951
h percentile and 501

h percentile (median) values (0.03 and 

0.003, respectively) obtained from the source-screened data. These calculations buttress the 

conclusion that the sub-slab attenuation factor distributions summarized in EPA's vapor 

intrusion database report can be considered representative of vapor intrusion of CHCs into 

residential buildings for most conditions. 

Table B-4 (Table 10 in EPA (2012a)) provides statistics and Figure B-4 (Figure 25 in EPA 

(2012a)) shows box-and-whisker plots for individual sites compared with the statistics for the 

combined set of screened sub-slab attenuation factors. This table and figure show that the 951
h 

percentile value of the combined sub-slab-indoor air measurements is considered appropriate 

for estimating reasonable worse-case indoor air concentrations that might be observed at a site 

due to vapor intrusion. The majority of sites and buildings would be expected to exhibit lower 

indoor air concentrations. 

8.3.4 RECOMMENDED ATTENUATION FACTOR FOR "NEAR-SOURCE" 

EXTERIOR SOIL GAS 

Based upon the conceptual model for vapor intrusion, the attenuation factors for exterior soil 

gas data would be expected to be less than those for sub-slab soil gas, because the former 

includes an additional contribution from attenuation through the vadose zone, and greater than 

those for groundwater vapors for a given building at a site where groundwater is the primary 

subsurface source of vapors. The distributions of exterior soil gas attenuation factors shown in 

Table B-1 and Figure B-1 do not exhibit this expected relationship. In addition, a comparison of 

exterior soil gas to sub-slab soil gas concentrations for buildings where both types of samples 

were collected, shown in Figure B-5 (see Figure 6 in EPA (2012a)), suggests that a substantial 

proportion of the exterior soil gas data in the database, particularly shallow soil gas data, may 

not be representative of soil gas concentrations directly underneath a building. On this basis, 

shallow exterior soil gas sampling data generally are not recommended for purposes of 

estimating indoor air concentrations and the exterior soil gas attenuation factors in Table B-1 

are not recommended for use in deriving generic attenuation factors. 

Based upon the data in Figure B-5, "deep" exterior soil gas data appear to more reliably reflect 

sub-slab concentrations beneath buildings. On this basis, "near-source" soil gas sampling data 

(i.e., collected in the vadose zone immediately above each vapor source) generally are allowed 

for purposes of estimating indoor air concentrations. However, the same conservative 

attenuation factor value for sub-slab soil gas is recommended for use with "near-source" exterior 

soil gas data for this purpose. Thus, for "near-source" exterior soil gas, the recommended 

generic attenuation factor is 0.03. 
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The indoor air of residences on and around the Site is safe hon1 any vapor intrusion 
associated with the underground plume. Extensive indoor air testing of residences 
directly over the plume has shown this to be the case. EPA does not plan to otTer any 
aclclilional indoor air testing to residents in other areas oflhe neighborhood, given that no 
ini.loor air contamination was found in the households directly overlying the areas of 
highest contamination .. Related to the residents of College Avenue, based on the data that 
has been collected EPA does not believe that College Avenue overlies a contaminated 
zone. 

In the April 3, 2013 e-rnail to the Regional Water Boarcl, you also expressed concern over 
the nutnber of groundwater monitoring wells in the CoLlege Terrace residential area 
bordering the Site to the northwest. EPA ancl the Regional Water Board, together with 
numerous technical experts; consider the Sile to be extremely well characterized. 
1-Jowevcr, being responsive to your concerns, the Regional W<1;ter Board investigated the 
monitoring well installation and subsmface hydrogeology anci'agreed io add one 
acldi tiona! monitoring well about half-way between existing wells V8-6 and V- 10 that 
cutrcntly cle!ine the northwest plume boundary passing along California Avenue. 

Related to your question on Irtonitoring well data for Google buildings, please visit the 
EPA website for Eli! available maps and tecbn.ical documents. For monitoring wells in the 
vicinity of the Coogle buildings (associated with EPA's MEW Superfund Site), please 
visit EPA's MEW website and visit the "Technical Docmnents" section Jar the document 
entitled "20 12 Annual Progress Report Jar MEW Regional Groundwater Remediation 
Program 04/lS/13" and open Appendix C .,-contour maps of all MEW wells: 
.~\I-~~.':''..:.~E~LgQ.yh·cnioJ19hncw 

For the Regional Water Board sites, please access site documents through their 
CeoTracker website: htt )S://ncotrg~-;_cr.vyatc.Ibomds.~p. rovlreoulators/lo •in.asJ2. 

With respect to community outreach, EPA takes seriously its commitment to informing 
the community about Site activities. ln conjunction with EPA's and the Regional Wnter 
13oarcl's cleanup etTorts at this Site and the other South Bay projects, community outreach 
may include in-person visits to residences and businesses within the area of concern, 
meetings, mailings, websites, and public notices as warranted, to ensure that affected 
community members are ·informed about cleanup activities and have an opportunity to 
express their concerns directly to agem~y oJlicials. 

Lastly, in your June 23, 2013 e-rnail you expressed skepticism toward the integrity of the 
data collected at the Site. Please be assured that EPA and the Regional Water Board 
place the highest importance on the integrity and reliability of data collected at Superfund 
Sites, nne! all responsible parties are required to comply with rigorous Quality Assurance 
standards. ln the State ofCaJitornia, the submitting parties are licensed by the State to 
practice engineering or geology. State regulations governing their practice strongly 
encourage the submittal of documents that are true and correct to the best of one's 
knowledge because not doing so puts licenses at risk. 




